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Introduction
Business fixed investment in manufacturing constitutes a sizeable component of total demand and therefore exerts a significant impact on economic activity. In addition, apart from its contemporaneous effect on the level of income, it also exerts a longerlasting effect, since it directly impacts on the future production capabilities of manufacturing. Thus, studying various aspects of the underlying investment decision making process is of paramount importance both for academics and policy makers. essentially provide a quantitative forecast. It is apparent that the quality of the survey responses will ultimately affect their usefulness for policy making decisions. Although planned investment will probably differ from actual investment, one expects that differences will be random. This forecast would be valuable to the extent that it contains significant predictive power over future investment. Moreover, having obtained direct observations on investment plans, it is possible to investigate empirically the nature of expectations formation.
Thus, in this study we mainly focus on two issues. First, test whether the particular survey-based expectations are compatible with rationality. Second, in the event rationality is rejected, explore the properties of the expectations formation mechanism.
F o r P e e r R e v i e w
The remainder of the paper is structured as follows. Section 2 provides a brief review of the literature on testing Rational Expectations. Section 3 describes the dataset used in our analysis. Section 4 discusses the empirical methodology adopted. Section 5 presents the empirical results. Finally, major findings are summarised in Section 6.
Testing Rational Expectations: A Brief Literature Review
The introduction of the notion of Rational Expectations Hypothesis (REH, hereafter) by Muth (1961) and its further development by Lucas (1972) , and Sargent and Wallace (1976) has produced a so-called revolution in economics as a science, which has dramatically altered the way economic modelling is done as well as policy is conducted (Goodwin and Sheffrin, 1982; Pesaran, 1987; Runkle, 1990, 1993; Dominitz and Manski, 1997) . Early studies investigated whether forecast errors possessed properties that were compatible with rationality, as an indirect way of testing the validity of REH (Mullineux, 1978) .
A major drawback of testing the REH is that it is very often based on ex post observed data, which are then used to form forecast (expectation) errors. For this reason, there is a growing literature that tests the REH using survey data, which by definition correspond to agents' stated expectations. Thus, directly observing market participants expectations allows the econometrician to assess their rationality, and in cases the expectations are quantitative rather than qualitative, to also study the evolution of expectations. The forecasting accuracy, predictive content and rationality of survey-based expectations are of paramount importance in various markets.
A number of studies have found expectations to contain useful information and in general conclude that macroeconomic models perform better when survey-based F o r P e e r R e v i e w expectations are utilised instead of model-constructed rational expectations (Batchelor, 1986; Lee, 1994; Holden and Thompson, 1997; Lee and Shields, 2000; Smith and McAleer, 1995; Roberts, 1995 Roberts, , 1997 Mankiw and Reis, 2001 ). Madsen (1996) , Thomas (1999), and Mehra (2002) consider the issue of formation of inflation expectations and its implications for the efficiency of macroeconomic policy. The rationality of participants in the foreign exchange market, and its implications for exchange rate behaviour and management has also been a prominent application (Tagaki, 1991; Ito, 1994; Sobiechowski, 1996; Dutt and Ghosh, 1997; Suk-Joong, 1997; Moosa and Shamsuddin, 2004) . Finally, the rationality of participants in financial markets has also attracted considerable attention (Fraser and MacDonald, 1993; Pieroni and Ricciarelli, 2005) .
Considerable amount of research effort has also been committed on testing whether income expectations predict future income, in the context of micro-level data studies (Flavin, 1991; Dominitz, 1993; Alessie and Lusardi, 1997; Das and Van Soest, 1999; Delorme et al, 2001) . Finally, an extensive literature focuses on the efficiency of betting markets by testing the rationality of market participants' in forecasting (Gray and Gray, 1997; Boulier, et al, 2006) .
Data Description and Definitions of Variables
We utilise data from the Investment Survey (part of Business Surveys) F since the former is based on a superior information set.
Graphs 1 and 2 offer a pictorial representation of the direction of movements between expectations and actual (as reported) investment changes.
[Graphs 1 & 2]
Both expectations measures exhibit a strong positive relationship with actual investment change, providing informal evidence that each one of them contains some explanatory power over actual investment growth. Note that ,2 , i t t F % tends to be more We also constructed the scatter diagram between the two forecast measures, provided below.
[Graph 3]
The two conditional expectations are very closely linked, as expected, and their scatter diagram almost coincides with the 45 0 line. Any deviations from the unit-slope curve may primarily be attributed to the asynchronous timing in forming these expectations and therefore, reflect differences in the information sets.
Empirical Methodology and Testable Hypotheses

Efficiency of Expectations
One interpretation of rationality of expectations is that survey measures are unbiased forecasts of actual future outcomes. Under rational expectations, the unbiasedness hypotheses are given by:
Where ( ) E • is the conditional expectations operator. These relationships state that the expectations' formation mechanism at any point in time produces forecasts equal to the expected value of the underlying variable of interest. Linking now ex ante formed expectations with ex post observed outcomes produces the following relationships: where ' s are the expectations' forecast errors and under rational expectations should, at least, satisfy the following properties (Sheffrin, 1983) :
The unbiasedness of survey measures can be tested in a simple regression framework, where the observed outcome is the dependent variable and the conditional forecast measure is the explanatory variable:
Where ' u s are white noise disturbance terms.
Under the null hypothesis of unbiasedness a set of restrictions are imposed on the parameters of the above regressions as follows (Lovell, 1986; Bernheim, 1990) :
Rejection of these hypotheses would provide prima facie evidence against the unbiasedness hypothesis and consequently against rationality.
Evolution and Formation of Expectations
By exploiting the different timing of forming the two forecasts, one may test some further fruitful hypotheses regarding the evolution of expectations. In particular, using the law of iterated expectations, the two expectations formed should differ by the amount of any information that became available between ( ) 
Rationality of expectations can also be tested using the properties of the revision process. In particular, current revision should be unrelated to past revisions. Thus, the slope parameters of the following model should be jointly equal to zero:
While the above analysis allows us to comment on the nature and the efficiency of expectations it is not informative about how the expectations are formed. In order to find the type of expectation formation mechanism that underlies the evolution of expectations, assume first that expected changes in investment are a weighted average of the current change in investment and some other element, t x : 
Empirical Results
We estimate the parameters of equations (5) and (6) in a panel framework, which will allow us to exploit variation both cross-sectionally (across countries) as well as time.
Estimation is conducted applying Fixed and Random Effects, and including a set of year dummies in order to allow for time heterogeneity. The choice between Fixed and Table 2 .
[ Table 2 ]
For both cases the preferred specification is given by Fixed Effects. Both forecast measures explain a statistically significant portion of the variation in actual investment growth. Furthermore, both slope parameters are positive suggesting that both forecast measures correctly predict the direction of movement. In addition, the second forecast measure accounts for 60 percent of actual investment growth's variation while the first forecast measure explains 49 percent. The difference, as discussed earlier, is attributed to the fact that the second forecast measure is based on a superior information set and consequently constitutes a more accurate forecast. Notice that the slope parameter associated with the second forecast measure is larger and closer to unity (0.58) than that obtained from the first forecast measure (0.48), although both are statistically different from unity, which enables the rejection of efficiency (unbiasedness) of expectations.
Overall, our findings indicate that expectations, on average, predict accurately the direction of movement in investment growth and furthermore contain significant explanatory power over its variation. However, strictly speaking efficiency (rationality) is rejected since expectations do not represent unbiased predictors of investment growth.
We now turn our attention to the evolution of expectations and in particular focus on the orthogonality conditions regarding expectation revisions. As discussed earlier, revisions of expectations should be uncorrelated with any member of the information set that was know at the time of expectation formation. The simplest orthogonality test one autoregressiveness. This is one by employing equation (9) whose estimated parameters are reported in Table 3 .
[ Table 3 ]
Again the Fixed Effects estimator is in order. The AR(2) model explains an insignificant 5 % of the variation in revisions and furthermore we were able to reject that revisions show any first-order autocorrelation. In contrast, highly significant secondorder dependence is uncovered, with the relevant coefficient carrying a negative sign. In other words, the orthogonality condition fails providing us with further evidence against rationality of expectations.
We proceed by exploring the process that more adequately describes the expectation formation mechanism. In particular, we consider two competing specifications; Regressive Expectations and Adaptive Expectations whose performance is assessed by the means of estimating equations (11) and (12) respectively. The relevant results are summarised in Table 4 .
[ Table 4 ]
Based on the Fixed Effects estimation results, we observe that both estimated slope parameters are consistent with their a priori expected signs. In particular, the slope parameter associated with the Regressive Expectations is positive, suggesting that when last period's actual investment growth was above (below) its average, agents expect that in the current period it will move downwards (upwards), showing a tendency to approach its mean value. Similarly, the parameter of the Adaptive Expectations is negative, indicating that if in the last period agents had overestimated (underestimated) the actual 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Expectations and -1 for Adaptive Expectations). The null of zero (trivial) speed of adjustment was emphatically rejected for both cases, while we were not able to reject the hypothesis that the coefficient associated with Regressive Expectations is equal to unity, and therefore represents full adjustment within a single period. Finally, both equations explain a significant part of expectations' formation, although the Regressive Expectations mechanism exhibits almost double explanatory power when compared to the Adaptive Expectations. All in all, our results qualify the Regressive Expectations as the mechanism that more adequately describes the behaviour of expectations' formation.
Conclusion
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